model health-care delivery system for rural India, including demographic surveillance, to orient and train medical students in primary health care and to identify and conduct priority operational research to help address the needs of all of India. The Comprehensive Rural Health Services Project (CRHSP) Ballabgarh is managed by the Centre for Community Medicine of the All India Institute of Medical Sciences in New Delhi.
The Comprehensive Rural Health Services Project (CRHSP) Ballabgarh works as a site for community-based research, and functions as a demographic and health surveillance system. This demographic surveillance system has now been in operation for more than 40 years. To strengthen its surveillance system, CRHSP Ballabgarh joined the International Network for the Demographic Evaluation of Populations and Their Health (INDEPTH) in 2003. A computerized Health Management Information System (HMIS) was begun at CRHSP Ballabgarh in February 1988. 2 In addition to this, CRHSP Ballabgarh provides the HDSS population and that of the surrounding areas with health-promotion services in the form of health education, preventive services such as immunization and disease screening, and curative services for most of the diseases that can be managed at a secondary-care-level hospital.
What does it cover now?
In collaboration with the US Centers for Disease Control and Prevention, CRHSP Ballabgarh began a prospective, longitudinal, phase IV, household-randomized, controlled, and observer-blinded trial in 2009 to measure the total and indirect household-protective effects of immunizing children from the ages of 6 months through 10 years with seasonal, inactivated trivalent influenza vaccine. 3 The study is continuing and about 6000 children have so far been vaccinated with the trivalent vaccine. Another study, with the purpose of estimating the burden of disease of influenza and other respiratory diseases, is in progress at the Ballabgarh HDSS. During 2009 and 2010 the incidence of influenza A (H1N1) among children <18 years of age was 345/1000 person years and that for adults (persons 418 years of age) was 69/1000 person years during the pandemic period, but rose to 199 and 131/1000 person years, respectively, during the post pandemic period. 4 The neonatal mortality rate in Ballabgarh has remained fairly constant over past few years. Different interventions are being planned to reduce infant mortality, in collaboration with the United Nations Internation al Childrens Education Fund (UNICEF). Treatment adherence among hypertensive and diabetic patients is also being studied at Ballabgarh HDSS. By the end of 2013 it is planned to have screened all individuals above the age of 18 years for diabetes and hypertension with the idea of forming a cohort that could be followed in the future to estimate the incidence and prevalence of diabetes and hypertension. A cardiovascular disease survey is currently ongoing in the area under the aegis of the Indian Council of Medical Research to provide data, analysis, and modeling for all of India.
New challenges in the form of non-communicable diseases (NCDs) have emerged in the HDSS because of rapid changes in life style in the population it covers. Thus, most of its research work in the past decade has been directed towards NCDs. This includes the burden of mortality from NCDs, risk factors for NCDs in India, metabolic syndrome, cervical cancer, rheumatic heart disease, and, more recently, coronary heart disease. This has helped advocacy efforts directed toward having the Indian government initiate a national program on NCDs. These activities have also included the validation of various tools for identifying risk factors and quantitating disease burden, such as the World Health Organization (WHO) STEPs approach (not yet published) and verbal autopsy tools. 5 The Ballabgarh HDSS has conducted three rounds of NCD risk-factor surveys (2003, 2007 , and 2012) that will provide invaluable insight into changing lifestyles in rural India (Table 1) . 6, 7 Mixed trends were observed for all risk factors, with a notable increase in obesity and hypertension, in 2012. These findings could come from differences in sampling technique, age structure, or measurement criteria. In 2002, the Surveillance for Demographic, Environment and Health Information (SUDEHI) project was initiated at the HDSS with the objectives of collecting information on human behaviour that predisposes populations to both common communicable diseases and NCDs, and of ascertaining health-care-seeking behaviour. 8 Among other interventions, the Ballabgarh HDSS has implemented a community-based intervention against NCD in an urban Ballabgarh setting, a school-based intervention (submitted for publication), and an intervention for managing NCDs through a simplified approach used in a secondary hospital at Ballabgarh. In the past couple of years, it has been shown that health workers (HWs) can be trained to do risk assessment for NCDs, and community health workers are now involved in NCD prevention and control. These findings are in the process of being published. The Ballabgarh HDSS has been identified as a resource centre for NCD surveillance by the Ministry of Health and Family Welfare of India, as well as a resource center in the recently launched National Program on Cancer, Diabetes and Cardiovascular Diseases (NPCDCS). As a designated WHO Collaborating Centre for Capacity Development and Research in community-based NCDPC, the Ballabgarh HDSS has provided technical assistance to neighboring countries and also conducted capacity-building workshops for regional participants.
In addition to this, the Ballabgarh site was involved in creating a monitoring and evaluation framework for the NPCDCS. 10 Where is the HDSS area? Figure 1 ). It lies within the National Capital Region of India. It is bounded by the state of Delhi (the national capital) to the north, the Gurgaon district of Haryana state on the west, and the state of Uttar Pradesh on its eastern and southern sides. It is about 22 miles from the All India Institute of Medical Sciences (AIIMS) by road on the Delhi-Mathura National Highway-2, and is also well connected through the Delhi-Mathura double-track broadgauge line of the Northern Railways and NorthCentral Railways.
The predominant castes (social hierarchical groupings characteristic of India) in the Ballabgarh region are Jats (middle caste), Rajputs and Pandits (upper castes), and Scheduled Castes (lower castes). The Ballabgarh HDSS experiences three distinct seasons annually, consisting of winter, summer, and a rainy season, each lasting an average of 4 months. The rainy season begins in July and lasts until September; the remainder of the year is dry. The temperature in the Ballabgarh region ranges from 28C in winter to 488C in summer. The main economic activities of the region are agriculture and agriculture-dependent trades, and the main crops grown are wheat, sugar cane, and millet.
The Ballabgarh HDSS project has two primary health centres (PHCs) and one secondary-level hospital at Ballabgarh. The two PHCs, at Dayalpur and Chhainsa, are situated 6 miles and 13 miles, respectively, from Ballabgarh. The area served by these two PHCs is also referred to as the Intensive Field Practice Area (IFPA) of the Ballabgarh HDSS project, which caters for 28 villages through the networking of 12 sub-centers ( Figure  2 ). The IFPA of the project serves a population of 90 240 residing in 9584 households (as of 31 December 2011).
11 Each PHC has 6 sub-centers, which in turn cover populations ranging from 12 000-16 000. A team of male and female HWs manages each of the subcenters and provides the health care in the villages served by the sub-centers, under the supervision of health supervisors, who are in turn guided by the PHC medical officer in-charge.
Who is covered by the HDSS and how often have they been followed up?
In the villages dovered by the Ballabargh HDSS, houses are first enumerated by the HWs. Families living in the houses are identified and are provided with a specific family reference number. Each and every resident of the 28 villages in the IFPA is considered as a unit in the health and demographic surveillance system. Any individual who has remained in a household for more than 6 months of the past 12 months is considered a 'resident' of the IFPA. To 'remain' in a household means that the individual sleeps, on average, for four or more nights per week at the household. The population covered by the Ballabgarh HDSS increased from 40 703 in 1972 to 90 240 in 2011. 10, 12 The health and demographic data from the Ballabgarh HDSS for the year 2011 are summarized in Table 2 . In comparison to 1991 and 2001, the width of the middle of the population pyramid increased in 2011. High levels of premature mortality can be seen among women in the pyramids for 1991 and 2001. Life expectancy for women had improved by 2011 (Figure 3) , and the population pyramid depicts the effort establish family-planning practices and improvements in health services in the HDSS area. Over the past two decades the birth rate in the HDSS area declined from 40 per 1000 population in 1991 to 23.2 per 1000 population in 2011. Over the years, the sex ratio has become increasingly skewed in the IFPA because of a preference for male children leading to female foeticide. 13 In 2011, the male:female ratio was 113:100. The HIMS of CRHSP Ballabgarh is updated by the the HWs, mainly through: (i) a monthly visit (routine visit); and (ii) annual visits (annual census). All households in a given village are visited once each by a male HW and a female HW. The schedule of visits by the HWs is so designed that there is a gap of 15 days between house visits by the male and female workers. Thus, households are visited by an HW (male or female) approximately every two weeks. A certain number of houses are checked and verified by a supervisor and a few are re-checked and verified by a medical officer and other doctors. In addition, one extra round of annual census data collection is done during the months of December and January to update the demographic profile and household characteristics in the Ballabargh region as well as to collect new specific information not covered routinely. Special attention is given to acquiring any information missed during the monthly visits. For quality assurance, 20% and 5% of houses are selected randomly and verified by health supervisors and medical officers, respectively, during the annual census. A monthly work plan is generated by the HMIS and given to the HWs for accomplishing defined tasks such as immunization and the distribution of oral contraceptives in specific households in the area of the HW's visit for that month in addition to the HW's routine visits. A pre-fixed schedule (beat schedule) is followed by the HWs for their routine monthly house visits.
What has been measured and how have the HDSS data bases been constructed?
During monthly visits by HWs, relevant health information and vital statistics data are collected during Figure 2 Comprehensive Rural Health Services Project the delivery of routine health-care services in accord with the guidelines of India's national health programs. Information collected during the annual census and monthly visits is provided in Table 3 . A verbal autopsy is conducted for every death in the study area, using a structured interview schedule prepared separately for deaths of individuals between the ages of 0 and 28 days, those between the ages of 29 days and 5 years, and those more than 5 years of age. The verbal autopsy is done by HWs and verified first by health supervisors, and the diagnosis for cause of death is made independently by two medical officers. The verbal-autopsy tool used at Ballabgarh is a validated tool developed by HDSS Ballabgarh. 4 Each worker is assigned one day a month on which to enter the data collected during the previous months' house visits. The HMIS is also updated after the annual census. Thus, the Ballabgarh HDSS database is updated 13 times annually for each household. Each individual enumerated in the HDSS is provided with a unique personal identification number.
Other information is collected during the monthly visits by HWs but is not updated in the HMIS. This information comprises the number of visits made by Ballabgarh HDSS health supervisors for quality checks, malaria slide preparation, categories of TB patients registered, outcomes of TB treatment, cases of rheumatic fever, and outpatient and inpatient load at each sub-centre and the primary health centres. This information is communicated in paper format to district health authorities. It is also available in the electronic databases maintained at the primary health centres of the Ballabgarh HDSS.
The primary purpose of the HMIS is to support HWs in delivering health-care services to the population served by the Ballabgarh HDSS. Its other important objectives are to support program managers in monitoring and supervising the system's workers. The HMIS has undergone three generations of evolution over the years of its existence, reflecting the advances made in information technology during that time, as well as the changing needs of the users of the HMIS. Starting from a Microsoft disk operating system (MS DOS) in 1988, with DBASE III as its database, the current MySQL of the Ballabgarh HDSS's electronic Either of the health workers identify and record the mortality status. Verbal autopsies are carried after 12 weeks of death and later re-checked by the supervisors. Diagnosis for cause of death is done by the physicians data system was chosen because it can handle a large data base and is stable, secure, scalable, and free. The Java (J2SE) programming language was chosen for the development of a graphical user interface. 14 
Key findings and publications
Since 2001, no definite trend has been observed in neonatal, infant, or under-5 mortality rates in the Ballagbarh HDSS area. Infant mortality in the area, governed chiefly by a plateauing of the neonatal mortality rate, has not declined over the past few years. Cultural beliefs play a major role in influencing newborn care practices in the area. 15, 16 Among certain common beliefs followed in the HDSS area are: (i) a mashing of the umbilical cord stump and its application to the eyes of the baby on day 6 after birth; (ii) a preference among mothers to not take their baby out of the house after birth until certain rituals are performed a few days after birth; and (iii) a preference among mothers to not weigh a baby at frequent intervals because they believe that doing so could lead to slowing of the baby's growth. Vaccination coverage is very high in the Ballabgarh HDSS (495%), although a delay in vaccination is observed. 17 Female foeticide is a 'felt need' of the population in the Ballabgarh HDSS area, and there is social pressure toward and acceptance of this practice. The technology of sex-selective abortion is widely available, despite a legal ban, and those likely to use it have adequate knowledge about its use. Government efforts to curb this practice have had limited success. 18 A prospective longitudinal study was undertaken to describe the epidemiology of acute respiratory illness (ARI) caused by viruses in young children. During 440 child-years of follow-up there were 1307 ARIs, including 236 acute lower respiratory infections (ALRIs) and 19 severe ALRIs. 19 Research done at CRHSP led to a policy change from a single-purpose (vertical approach) HW to a multipurpose HW scheme at the national level in India.
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Other significant work done at the CRHSP has been in relation to NCDs and demographic issues (realization of the need for denominators, birth and death registration by the HWs, and documentation of the rates and causes of death at different ages), which resulted in the measurement of various disease-related and demographic rates and helped the Ballabgarh HDSS to publish more than 150 articles in various peer-reviewed journals (Supplementary Table 1 , available as Supplementary data at IJE online). 20 The prevalence of risk factors for NCDs in the Ballabgarh HDSS area was assessed with the WHO STEPwise tool. In 2003, the age-adjusted prevalence of tobacco smoking was 41% for men and 13% for women. 6 Other studies based on the Ballabgarh HDSS have reported the prevalence of tobacco use to range from 53%-72% among elderly persons. 21, 22 The prevalence of alcohol consumption in 2003 was 24.6% for men. Among men, 9.0% had a body mass index (BMI)425.0, as compared with a BMI of 15.2% among women. The prevalence of measured hypertension was 10.7% among men and 7.9% among women. 23 We have undertaken a validation of the Global Physical Activity Questionnaire (GPAQ) and International Physical Activity Questionnaire (IPAQ) for the WHO at the Ballabgarh HDSS site. 24 We found that the GPAQ can be used in place of the IPAQ because both instruments measure and capture physical activity with good reliability and validity, and WHO now uses the GPAQ for STEPS surveys. 25 Metabolic syndrome was observed in 12% (95% CI: 8.5-16.8) of women in the Ballabgarh HDSS. 26 The prevalence of non-alcohol-related fatty liver disease in the Ballabgarh HDSS area was 30.7%, and hypertension and hypercholesterolemia were found to be independent risk factors for this. 27 The overall prevalence of irritable bowel syndrome in the Ballabgarh HDSS was 4% (95% CI: 3.5-4.6). 28 The estimated prevalence of clinical rheumatic heart disease (RHD) was 0.8/1000 among school children, and the prevalence of RHD as diagnosed with Doppler echocardiography was 20.4/1000 (95% CI: 16.9/1000-23.9/1000). On follow up, RHD had worsened in 4% but regressed in 28% of the subjects. 29 Of 5050 women tested at the Ballabgarh HDSS, cervical intraepithelial neoplasia (CIN) was diagnosed in 37, and 1 and 20, respectively, had diagnosis of CIN 2 or CIN 3. 30 The average participation among the residents of Ballabgarh in the various research projects conducted in the HDSS area is very high (490%), and the rate of sample collection from participants is about 85%.
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Future analysis plans A wealth index has been used to assess the socioeconomic status of the families in the Ballabargh HDSS area. This is similar to the index used in the National Family Health Survey 3 of India. 31 Birth weight is being analyzed critically to identify the determinants of low birth weight. Similarly, in view of a high abortion rate and low female-to-male sex ratio in the Ballabgarh HDSS, we are planning to document various causes of abortion and will also try to link this with the worsening female-to-male sex ratio. We plan to do a survival analysis for vaccinated as opposed to unvaccinated children, and also to determine whether there is any sex differential in non-specific effects of vaccination. Effects on mortality of a delay in vaccination are also being analysed.
In addition to this, we are planning to investigate the trend in mortality in the Ballabargh HDSS area from 2002 onwards, through verbal interviews, and will also document the mean ages at premature death from specific causes across time. Another future plan is to use InterVA-4 software to assign cause of death from verbal autopsies.
Because the Ballabargh HDSS is a WHO collaborating centre for capacity building and research in NCD prevention and control, we plan to measure the incidence and prevalence of various NCDs over time and as influenced by factors such as diet and physical activity.
Strengths and weaknesses
Working strongly in collaboration with the state government of Haryana and various other national and international agencies is one of the major strengths of the Ballabgarh HDSS. The AIIMS is a premier centre in the field of medical education and research in India. Being an academic institute, it ensures the availability of experts for the various activities at Ballabgarh HDSS. Also, the training of medical students (post-graduate students, undergraduate students, and nursing students), one of the prime mandates of CRHSP Ballabgarh, helps in capacity building and continuous improvement in the quality of work. The provision of 24/7 curative and preventive services available to the residents of CRHSP Ballabgarh garners the trust and goodwill of the community, which help us in conducting research and surveillance activities. The Comprehensive Rural Health Services Project Ballabgarh is also implementing various national health programmes. Community participation in various policy-making decision and other activities of the HDSS has further helped in the development of a good rapport with the community, which again ensures a high participation rate.
One of the major strengths of the Ballabgarh HDSS is the quality of the data produced during its surveillance activities. This quality is ensured by the strong monitoring and supervision of its surveillance activities, followed by independent quality checks incorporated at various steps of its health and demographic surveillance activities. The site leaders use the HMIS for programme management and supervision and for research. Work plans generated by the HMIS help field-level workers to concentrate on identified activities for any specific household that they visit, thus ensuring optimal utilization of time. Surveillance activities are further strengthened by community participation through annual meetings with the leaders and community workers of the villages served by the CRHSP Ballabgarh and by involving community volunteers in delivering health care. Regular government funding of CRHSP Ballabgarh is another strength of the HDSS and guarantees long-term sustainability even in the absence of any external funding.
Approximately 5% of the HDSS population are temporary migrants, who stay for about 5 to 6 months in hard-to-reach areas of the HDSS and then migrate to another location. Because the migrant population changes every year, no surveillance of them can be usefully employed. Rapid urbanization of the HDSS area because of its proximity to Delhi, the capital city of India, poses a threat to the surveillance activities designed for a rural community. However, it also gives us an opportunity to study changes in life style during this transition and to find answers to questions related to such changes and to urbanization. Overall, the Ballabgarh HDSS constitues a general demographic cohort that can be utilized to study a vast majority of health issues, from communicable diseases to NCDs and changing patterns during the transition from a rural to a periurban population. 
Data sharing and collaboration

Supplementary Data
Supplementary data are available at IJE online.
Funding
The CRHSP Ballabgarh is fully funded through public money by the Government of India. Some of the Center's projects are also funded by other national and international research grants through the Government of India, CDC, WHO, UNICEF, and other organizations.
KEY MESSAGES
The Comprehensive Rural Health Services Project Ballabgarh is a self-reliant, autonomous body with government funding that has been in existence for more than 50 years and has made demographic and mother-and-child health data available for over 20 years.
The Ballabgarh HDSS has been academically productive with more than 150 publications.
The population served by the Comprehensive Rural Health Services Project Ballabgarh has been under surveillance since 1972, and its data have been computerized for the past 20 years, providing an excellent means of capturing change in the population over time.
In the past decade, the work of the CRHSP on NCDs in Ballabgarh has spanned the entire health-care planning cycle from the estimation of disease burdens to elucidating the determinants and causes of diseases, evaluating interventions and translating them into interventions at the population level, and evaluating the outcomes of interventions.
The Ballabgarh HDSS has also participated in the validating various tools for the assessment and improvement of health, such as the WHO STEPwise approach, verbal autopsy tools, the WHO Global Physical Activity Questionnaire, and the WHO International Physical Activity Questionnaire.
